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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a single electron 
tunnel element whose structure and characteristic are 
controlled and its manufacturing method. 
SOLUTION: The element has a multiple tunnel joint 6 
wherein fine particles 6 made of metal or semiconductor 
are close to each other at 5nm in distance between 
particles and are dispersed in an electrical insulating film 
4. The joint 6 is produced by accumulating an electrical 
insulating substance and a metal or semiconductor fine 
particle alternately or simultaneously through a 
sputtering method. 
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hv*/i«*Jilf«E*:Bl»'*-*fc»«)JBl JtW 
BE*«h^*/M**Jitt, tt«*Jlft 

[f»**2 ] MIE^fi h y*/^ii:«t5S«* 

[§f**3 ] ttBWSC^tft^SO n m^TT'SbS 

»** i trfe«t^*-m^ h s^/Hf?-. 

[M**4] mWK^BB^^iSBIHj&s 5 nm^Tt 
[fit** 5] tt«B#»h^^»«itt, MHBlWft^*s 

20 

mtsnm^A (Au),*(Ag),«(cui, e 
4(pt), *fcf±'<9^** (pa) a*e> 

** 1 fcfEtttf>$i-«^ h ^-*/u*-T-o 

/l^-r>A (Al) „ (Ti) . ^7^r)i, ( H 

f) <DBMb»* (Si). $fcli7^^^?^ (A 

l) <oaft(fc^6ft*»d>6»RS*tfc*ft< fcfc li 30 
[ft** 8] fiSMttffc. 

mm i ximb 2 i o ^^6m#^r^s-r 

l>6ft**8 {-|2Sc^^-«T- h is^m+a 
[ft** 1 0 ] «TK3S 1 &tffg 2 <s>mffif;£> MieSfei 

[f»**i i] HfrlEmi^llfli^fflfE^2(Dm«^^ 



m#x i 2 ] tfrisfg i comti&tf mibis 2 

in** i 3 ] swbjb i jteflWR^nmiE* 2 
** 9 iciEStco^-m^ h >*^m*a 

[ft** 1 4 ] tfrfSffita*® tt, ttftfeft{±ttlR£ . 
HMVfWtt'F'j: £<afrf#**8 KR* h is* 

[ft**i 5] mBttttfM*i;:ft. AJBtwa^atf 

/X 3 2te7c» « £ ^ <5 fit** 

[ft** 1 6 ] rniEWttT-Oilffi* 5 0 n rnKT-C* 
<5f»** 1 4 {C|5«cO*-m^ h 

tit** 1 7 ] meim^no7«niiRi«s 5 n m^r 
-?*>*»** 1 4 i^iEfc^m-m^ h ^*;um*o 
[is** 1 s ] wei^^^m^jifeiwfeww^^sw 

its** 1 9 ] tmmmM&toit&tMttoie. 

Mf& 3 *vc S ft** 1 4 \zism<o m^F- b 

is*** 2 0 1 mzm^mmm»m&m4mfrhMi& 

memtt^dSA (au) . « (a k ) (cu) , e 

4(Pt), ^fcfi^^^^A (Pd) 
** 1 4 i^fBStCDm-®^ h ^^/^T-o 

[it** 2 1] m^m^mm^mm^mm (s n . 

T/U^^A (Al) . (T i ) , 

(Hf) (Dmtvo. &m (si), ^fcf^r/i-^^^^ 
(ad <D&fcm*btezmfrhmRtstitz&te< 

[IS** 2 2] #Ih ^*/M£&£:^tf #flt h 
<Z)!BlRa5jg2<0«8itS:fflf^ ^ih^/^i 
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im#iM 2 4 ] ftfrfE^S h ^*/M*&Jl 4rfR#ys u 

2 5] £fi h ^*/i***r£ h 
<o»iRtf»2(0«ffi£*M;L, tt*« h ^*/H«*Ji 

K#«h^*/H»frJB«:**-r6xa*fi*U. HIS 

i^^'^ y y^siaotR#i h^^s 20 

[8t#* 2 7 ] itfrfe^s h ^*/H*#Ji zmt&m u 
sxa*s#i-e»*ja2 5 \cmm<DM-m* h 

[00 0 1] 

[»W<a«-r 

fijffl U 1 "TIB**— «■?■ h 30 

[0002] 

[***£>&»] flMUftttd*:**.* LSlll h7 ^ 

^« s «/hS^ S5«fb^ L S I 0>iKttfBfl:a s "TIB 

1 6MDRAMm ^ 

f:6 4MDRAMT11 y— hfij&so. 
[0 0 0 3] L^U ro<t5**^»Wl^S:S?>(c 



[0 0 0 4] 

l a F«TKrs&5ia s *>0. roJ:5*«3t*rfHHi- 
Sfc^lCfS. t^-^ (nm) 3*— ^<7>lMX£«fo 

[00 0 5] aSE. Z<D X 5 ttflMtt&trflM^S&tt 

0*^i3B$ttTl^o W^f^s "Appl. Phys. Lett., Vo 
1.61, 1992. p3145 ,, tCfiE*feStt"Ct^6 X b fril^Jl K— 
tV^G a A s jfojgWMKLlM Ky- h *K*+fc#« h 
V^S^^ "Proc. I EDM, 1993. P 541 " i^fSSc S frT 

5 ftsswy ^y ^Sr^^/t^ x^xm^it 

[0 0 0 6] U^U KtfttGa AsHttfctf^flqt-rHf 
U ^fc^#fi^y ~>y ^W^y^fti LTfiJ 

[0 0 0 7] JiS5RH***i-Sfc^t-*S 
[0 0 0 8] 

Rum2(Dmmt, ^m^. m^mb^^^mn, 
[ooo9] *>«sBtjBtB-cf±, mu^m v >*/i>m& 

looio] ^t<i^ MrfaafcK^<oa:ad>5 0 nm 
[00ll]ff*Uf±, WIBIWft-¥-nB«)WIIII»^5 

[0012] fcssattBiB-ett. ffiis^s hy^/nir 
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[0013] »* U < #1. ffilS««tt»tt»K36S«Wb« 
■*»&HMIS*U iWE*tt^*SA (Au) . « (Ag) , 

m (cu) , (pt) , (pa) 

[ 0 0 1 4 ] » * L < 11. miS*«f6IKtt9»R^^« 

(Si), tvi^-^a (ai) , (Ti) , ^ 

77:=^ix (Hf) 0>BMb«3. ^ (Si) , ^fcfST/U 

*sjr.A (Al) a>mmt*b&&mfrbWIR£tli±'J> 
*< fctl fc-T£o 
[0 0 15] h^*/^*-T"f4s Sfit^ 

Bfc> l^tt:ffJ»^«£ES:aiini"5fc«)0«iXt/!B2 
#&W*r*fc«><&SS 3 (DBfi&fc «rF- h f 

[ooi6] *>5JHB*«s-ett. miajRi otsu, iff 
[ooi7] fc*jafi»«-ett. wsasB i at/fs 2 o» 

[0 0 18] £?4L<I3:. mfiESUo«ffifc«rlS»2<a 

«9 . KS§ 1 <7)«ffifttfRSS 2 (Dffi^>^< fc t>— *0 
1 0 0 n mJ£JTf -C£>£o 

[0019] fcssatjesnB-ett. MiEfg i (owm'&xm 

[0 0 2 0] *>-6Sa6»JB-C«:, ffiGfB l (OiS^ftS 

^^MlS^2(^mffi^^;*^^^"^^^^ P L, B* 

[0021] *>*j(aB«iiB-e#i, iftmmfifcmte. wm. 
mm&mm t > mm^mm^mm^ \z&n * ami* 

[0 0 2 2] *>Sjtm»1B-e«:. JOTi^ttfWl*^*, 

[0 0 2 3] #£L<#*. ffiriafS«t^a:SdS5 0 nm 
[0 0 2 4] »*U<fi, ttlElW^B^WnBIl* 5 
[0 0 2 5] fcSHJSflgffi-C-tt. ffiR»*fc^as««*fe* 
[0 0 2 6] *>-SSt*»ffl-Cf4. l»IE«*»H«4*Hds 

HMb»* fc teS{b»a> s *tr t ^ a. 
[0027] » 4 L< tt, tHne««l6IKmi#Mft:4fe 
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wsaatt^ds^ (au) . « (Ag) % 

M (Cu) , &ft (Pt) , *fcf4^?^l>A (Pd) 

[0 0 28] ff* L< tt, tnB««Cf6W£1«H»sS* 
(Si), T/U^^-^A (Al) , f^y (Ti) , ^ 
-7=-<?J» (Hf) <Dm\L®, (Si), £fcf27VU 

(Al) «)Hkft^e)i5W^«RS*lfc'> 
*< kh l««r±*»fci-6o 
10 [0 0 2 9] *^BJ(7)*-mT- h 

h ^/HS^Sr^tf h ^/MS'&JI fc . 0E 
^fi K^*/H**Jil-«ffi*aiJ0'r-5fc«>oJBl JttfJB 

2 »#«h^/w»^»f±, m^mm 

Stf/Xtt^HWHttl^ fc h >^J|H=- 

20 ^fe^tt^o 

[0030] tbzmm&mx*^ tfriB^fi h ^*/us^ 
[0031] $>6^»it*ii, mm^rn h 

JBS:jR*WffiU ^ix^^oXWIElfttt^^ffcSSfcfi 
**4r*ftS*5XSSra*i-Sc 
[0 0 3 2] *38W(DJ|i-«^ h ^/HH^^KSt** 
tt> h v*/H»**r*tp#* h >-*/Mg-&J§ fc . BE 

#m h ^/ws^BiwrnffiSrH^P-rafc^^iB 1 
30 2<ommk*mz-s m^&h^^m^mn. 

[0 0 3 3] fc* jat*HB-t?tt. MIE^fi h 

40 [0034] fcssafiflgffi-c-fi. Btrta^M h 
*«*r»bs**xa*fi*-r5. 

[0 0 3 5] JlfUi, WfSttftttSa* 

-5fc^. ft«fm^BJw«ffifcfflJDUfcfc 

A 6 S *tfc«fifc<D*ffl»c« 

fii^^it, CO«ffiWlw«ffiSrBl*Di-Sr fcT\ £>m<D 
50 H^J^o/^^ 0 f c h^/i^'&ffiSrao-CWaiBBS:*^ 
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[0036] *mw<Dmm^£titf, ^i^mmm<D± 

[0 0 3 7] SStfWBBW^JiffifeJi^TB^- 

fts***tfc»»te»***u, 

[0 0 3 8] 

[0 0 3 9] (XIKM1) Hl«r#HlUft^&, 

[oo4o] &mmw<rt¥-—m=F t ^*/i>m*n. &m 

So 

[00 4 1] #lh ^*/i-»*JB 6 fi, ^t^Wi 1 5 

-h««i. y-xti2, ioit^KM ^mm3n. 

o»»f±, Aft*. »b** hy*;H 
[0 0 4 2] tWft-T-BDEHItt. ttftttfl^ftflUrtfr h 
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So 

[0 0 4 3] ^-u^o^r-/ h»**r«BJ-rSfc«>i:: 
tt. l«o|Wft-¥-5(J:i««>«-T-*saE*SixS4:#«>* 

*>So Hiofi. ma*<D*:zt$k. mfr*\zim<Dn 

ffitSUt^S, (3 0 0° k) -etw-rs^y 
A^tWSfctt, »^#^«5 0nm^TI:f6 

io [0 0 4 4] 5 <D*£ $(ifil-50n m^iSH 

&T*5(D#«Jfc£5'-7 0%t Lfc*WH^ ifctfc&tli^M 

[0 0 4 5] j^t. 0 2i:^fx^5/^yy^i^ 

[0 04 6] \B20>X'<y#})>'y$&W:<O?-'YZS'<to\Z. 

20 $ (Si O2) #7**-y:y h8i^ (Au) 
5/ h 9 ir^t^ti6 fl 

[0 0 4 7] Hl«w33%S*b5J:5l!iy— h««iat«ft 

h 8 £fcf:£Au^-^ h 9co^f^^-^?/ h<7) 

x^So x^y^yv^^WHMrRCfcieK 
30 5/ hJ^H> isj:tf*«)38*±ftBI5*^'>— /^KSi 3 

[0 0 4 8] x^s^y Ltr/v^y^ffa 

£;ft,5 0 ^ffittffil^.rtfl. OPa, S»Ifi2 0 0 
*Ci;i»«f£*T,5 0 S i O2* — ^j/ H 8^<Dftllwmtlte 
#J;tKf2 5 0W, Au^— ?y V 9— (DftlMMtlfcfflZ- 

1 owit^c 

[004 9] h ^*;m-£rm 6 oMig^ 

40 mw-r*. 

[0 0 5 0] StSl OSAu^-^y h 9 <D±T* 

2 0#F«$ftAu»^Sfil 0^$6^7± 
(^it^^ii-/i 0 Sffil O^Si 02^-^2/ h 8 

<n±33\zffihZ^ Si02^yyh8©±f5»IB 

ici?$o. 1 Mm^s i oz^mm^^t^ Aumm 
*&&mi$tiizs i ozmzmmmm^m&m (te 
m) x-mmmmistctz^ Auaw^W5 

50 [0 0 5 1] rco^^^LT^L^^fih^/U^ 
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[0052] /^ib\ *ni&Mx-fi, h««i 1 cur 
a^^a (Al) , !6»K7^«:-t«)|(MbBt*fflv^ 

[0 0 5 3] 0311, #H*0!ltf>¥— «rF- h ^/HgT- 
CULT, y-*m*&2 £ Jr^lHlnWE 

fifc«C«"T-5 Kl^>f ^««3^«flr) ?>i«;fon;:{£oT. 

[0 0 54] H4li, >-SSt^y- hlffil f-EP 

iPtSSE^M IT if <z> £ 5 KSMfc-r 6 LTV > 

u y- h tfi^f ^t K yll^iiif 6 r i ^ 

|0 0 5 5]*«S«m Au^yM:«8«^ 
— y$/ h^r^tv^tH[Hl<5o^/N 0 ^^i-5C^CJ:oT 

au^y h±T5m h±T2 

fWH»aES*-5*f^Sr 3 0 0 mSftttO Tg-rc £ In J: 

t), ^«o/cA u WT-^l»ttfl4 3 
lTt)6V\ 

[0 0 5 6] SfilO$r2oO^-yyh8 > 9 

^CtiaoTk Au»^^i»ift»l4+II 

[0 0 5 7] fc*3, Au^^yht, TV^ — frA 

(Ai),i*(si), y ^ (p) . tttt (s) . * 

(Cr) . -rlstfls (Mn) . 0c (Fe) x 
h (Co) , -yVtV (Ni),« (Cu) , MM (Z 
n) . ^y^A (Ga) . ?}V-*~t?J* (Ge) % 
(As) . tl/y (Se) , (Pd) \ ft 

(Ag) . ^K^A (Cd) . j^WJ* (In) , 
*(Sn) > T^*> (Sb) . tvWW (Te) . a 
4(Pt),4 (Au) % *fctt» (Pb) ^fcJBtfix 

ftxTl«LTi, ftSl-5 0nm^M*>6V^ 
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[0 0 5 8] £fc, *Hlft«^*3^TH«««&3RttWffl; 
ITS i 02^ffll/>^^^bfe^. »tS 
|g (SiaNO , IWtT/l'5 = 9A (AI2O3) , »fc 
T/u^^^A (A 1 N) % mt^f^ (TiOz) , m 

it^7~<?j± (Hfo 2 ) srfflt^Tt, mkmz&tiiz 

T/i^~£A (AI2O3) «$B-C*>5fc«>* S«f2 

10 fko^ft^KS Lfc«M&**»-r 6 1 ^ 5 u 

[0 0 5 9] rttfo^««ft»*»Blf4. MMfctt^SMI: 
ft^A°«^yy^Ul«T^5^ 3S*-^r/U^ = 

Hft^T-*'*** y ym-^:iaoTt)Mt5r 

[0 0 6 0] ««CfUktt]«Dt& LT8ft«)$:lV^«^ 
ttx MWf t tT^ (Au),l(Ag),l(C 

u) x (pt) % *>5v^>°7^!>a (Pd) a>e> 

fc#>£:%;t<bft<5o 

[0061] r ft^#s h >^/M3^ji 6 a, mt&m 

fe^J: D t)W#WItiTi^c 0 h ^/w««dSf*|ft 

[0062] fcffu m«iaaA<:n< u-rtrsi:. » 

60 7 0 0%MTtMlg^i<«i, ti^ 
40 III 7 0 0t^Tmrt^ u^ 0 

[0063] m^Ltm&mmt iTiwitMffi^t 

* y y^oSfilIl:J;»)9J«T'#tc 

[0 0 6 4] y ^^+^St£S^:is5< UfcD 

(Mx.tf2 0 0-4 0 0'Cl:t5) s JR«!fa*ff*5 - 

ti/O^o mil h^^Sffittft^II^ttil^ 
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[0 0 6 5] mmm2) 05 (a) RXf (b) «r*(S 

b^**m*<nm2<D 

[0 0 6 6] £i\ ±lE»l«)jllKW!lot^TlftWLfc 

*stra»^fti:J:ot, cdse«a^i7^ii 

/cits i 02^1 8tfciMI([S*tfc#« h^*/u»fr* 

1 9 l 6±{:Mt6 c ^<o*&. m^F&V 

S^S19*^-=^U KMB^O. UmtfiJ 10 

1 . 5^ m<omm (* h y *tic*nxi-5o 
[0067] rco«, ^si^»^7-f ^— ^awi- 

>fy«i2 2t«fiit6- y-ht«2 0t#lhy* 

/Ug^ll 9 £<£>PflRSf40. Umat *fc* V — 
21iKW Vfltffi 22t 1 m <b U 

[0 0 6 8] 0611 V*/M£^J1 1 9 fiKiMft 

v>5 8 i J F-^y-^iffi2 KKylffi2 2i:i 20 

^#5SKfi, #s#ft-T5o y-hm«2 0irmff* 

tt^o y-^««2 1 ^ KM^«ft2 2 irO|Bl:«E 

[0069] c^ipm^^-cr, y- bs^ic^sm 

[0 0 7 0] m£Lfc*2 4*K«^J&M|q£t-*^ 

a 1 2 t^-r, H12 ^x-n^«. ^24 ct^^^s 

Lfti/>^£^ U *8*M4& 2 4 {it^^^tef^ 
[0071] 51- b*i"(i>'m9L&mk-fZ><o^ 

EI6(^tft^2 3Srijttt*«"7-d5*2 4tC#^Ei- 40 

2 4 ^**ds#aEi-**^?3&»"c. k w e— * 
^ty- h mi£fiSfc+ s y ao^ h w s y h ^ 

-^it^-r^-rs,, «^hy*yymotft2 
4irm^ 5 #fiE-r5^ffiiw^>fbufe^(i, y-hmEds 
0. 1 aou hr*t> Ku--f ^msc^js^A/ifScn^^o «e 
ot> b*\"i^mm&mi£'tz>zkiz±y^g,2 4\zn 
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[0 0 7 2] L^c*-m^ h y^/^tn 

^2 3 0**Snsffi«*s*#<*fbUft^^J:5*!:ra 
w^:^ U\ C<Dfc&lcf4. El 5 (a ) (c^T J: 5 

i-. h ^/hs^ji 1 9 <D^it»g£#) 0 . 1 M mum 
KKy«i2 2k<omm%ik<'t-z>k. #ihy^ 

g^Jl l 9 S < ft 5 . v««*s*Jni- 

[0 0 7 3] HI 7 Lft# 6, *-«^ h > 

*/^*?-<0»ft«*ttW1-6. 0 5 (a) 

&tf (b) fcHISHc. «6»ftStE2 5Jit^ &JB 

fc s ^ ^4mm*#<&»«^ & 3 ikKto^mmtimm* 
m ufc«Bi»^#a h >-*/ub^b 2 6 zifmm. y- 
xii2 7^j:t;KKyiji2 8^«u -t^*® 

[0074] ftsKLfcSi^-erau _tfE3f^£n^3S^ y 

[0 0 7 5] (^*«3) ID 8 (a) frh (c) *r#|» 

SHfcWSrRW-rec 0 8 (a) fj:Wi, 0 8 (b) R 
(c) 14. W®0X*$>5 O 

[0076] *naBM^*— «^ h ^^mi L ^ m s 
(b) (c) \c7jk&tiz>£?i^ mmtmmtms 

lXmfrtlfrS iSfi3 2^±OTt^TV^ ^ 
4bJ!S3 l_ttrf4, 08 (a) l^£;ft,£J; 9^ — 
:/ftj^»*-*fctf-ra y-x«fii 3 3 K ix-Y > 

tltV>6o m^3 3W3 4(Ojfe«ia5<7>jfe«SoMIWf4, 
fft L < lift 1 0 0 n m- 1 /z mllRg* w(7)Ffl 
B^Um*atT*#<45i:. efetffidS>c# < ft 0 

h^/umsttdsj«tt^< < ftSo *ns«^y-^ts 

3 3Rtf KW ^^1^3 4f4. Au/Crii75^M 

[0 0 7 7] Si02lilAuWWM^«j7i 
h X^/^^g) 3 5 _LISmfii3 3 
Rt53 4SrS5<t5t-^Stbr^S„ 05 (a) (Dm 

mm t n^ft r> . mtfatmrnm 3 5 ^ h y ^ ^srk 

y^-n>-^$ftT^ftt\ ISSifrWWW 3 5 (4. 
*fi»tt»JK-e*)-5S i 0 2 »)g3 6i:J:oT8^ S 
i 02»Hg3 6±{Cf4y- hm^3 7*s?gfi8SttTV^ 
5o y-Hm^3 7f4, Au/Cr»|g^ibM$^ 
y-^m®3 3St;KKy«ffi3 4W>ft< ^^5feil 

[0 0 7 8] rtO«t5^*Hlfe«^J:^f4, -^tom^ 
3 3Rt5 3 4^jt«ffi^*i-fp]-raJ:5^ia«Stt6r t 



(8) 



9 6 3 0 
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«^)J:5lc«fit«:WBW3 5£* hy y^W:^*-- 

[0 0 7 9] y-Xfi3 3*3±t/Kt"< WK3 4 10 
$0. 1 /znKOAuSK^S i»«3 1 ±fc:*fi» 

[0 0 8 0] Sfc* gS#»ii3 5H |2C^f7 

^Lfco C<oj:5irUX«fiJcUfc«»t#»BWl3 5<o 
mm^O. l/im(7)Si02ifl|3 6MU Sfcfc: 
*S0. 1 um<D#— hWM3 7 £C r t Au^l 20 

[0081] ^(D^— hy^/^^y- xt(i3 

3 ^ FW 3 4 Mid WE ( K f ^«BE) £rEP*D 

Tx «ifcR^J||iD-t-*ri:ds*JII**tfc. CtUl, 

ftijw -r 5 c t *s pj tg t*> o fc„ 
[oo8 2] s^k. ft***^*-*^ h^*^m* 

t^f ^m<13 4^tt5^^^^iZ3l-fim3tU^ft 

<os*k MW^^^ft^ 
[oo8 3i y-^ffi3 3 x ki^v 

113 4, *5<tt5y- h««3 7tt, Au/Cr»jg|£* 
HJfiW-Cfflu^S i SE3 2 £ LT> (SSStS i *m so 
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[0 0 8 4] $f)I^S38^7^hyy^77^fg 
«-CJBtf;-r-5»&. Au»ffltSrzE*«0»*tt3is/^V 

A Lit h^J: 9 t jfe»«>**«:/hS < C t 

[0 0 8 5] ^fjlC *HJfi«T-tt. v — *«ffi3 3i 
KKyfS3 4^iiS!:Wlii3 5£7£/&Lfc 
08 (c) ^*-TJ:5*«St#»BW4:S iJRIWfc 
l3ili:Mi, Wiffii:y-^il3 3t 
yiffi3 4Srf^»urtiRi*^a*ds»e>ttfeo ffl.u 
H!8 (b) KK«<D«3S<o;Sfj5s, Au«^^ilfc 

S i (^f)Sl3 5) ifcigttWfclS i O2 

[0086] iktc, mummm**. au*-?v vt 
izzvmmvf^K ss3 2*Au^-yyh±^, te 

£trJ:!9, ffi«<7)»ofcAu»tt^S:«ft»6»tti»W* 
fco Sfi3 2^200^ 

-y^h9, 1 0^ra^-b*iw89:SU, Au^iM 
W^y^tS^tl^ottAuftttf&Sft* 

[0 0 8 7] Sfefc «tt*MBWtt* 

h ^*/u««£dS8en-5Sgift:»IRH 3 5 (p<0«Xfeakt£ 
ttK^m-StRtt^^W-frtt. flcBHt-e 5-70 %co^ 

-^MJt^7 0%^6t, 
[0 0 8 8] ^f-, ««»63»tt»K*3J:t/««l«&3»tt* 

■3 6<n&&temm. mm. mmtPttex, 

[0 0 8 9] /^ib\ Au^-^7 h^:. ryU^^^A 

(ai) ,1$ (si) , yy (p) , ffijf (s) . ^ 



(9) 



4#Bfl¥9-6 9 6 3 0 
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(Cr) , (Mn) „ & (Fe) x =*s</l> 

h (Co) . ~>y>Jr/U (Ni),«(Cu), ffi& v (Z 
n) . tfVVJ* (Ga) , y/U-^^ix (Ge) , * 
(As) . iTU>- (Se) , s<7^$jU (Pd) , ^ 
(Ag) . * V%VJ± (Cd) . ^^i>^M, (In) . 
^ (Sn) . T^^y (Sb) , f/WU (Te) , 6 
& (P t) . & (Au) , £*:f*$& (Pb) frt>m&tl 

^^^T-^^-^5>»Lfc^S h^/u^^#^ 10 

[0 0 9 0] ^^J^^Tfim^^^)© 
£ US i 0 2 £ffll^c#^£^Lfc^ ^b3£* (S 
i3N 4 ) . g^T/U^^A (AI2O3) , S^T/i^ 

(a 1 n) . »fl^*>' (Tio 2 ) , mit^ 
(Hfo 2 ) ^lv>tt)itKIWcfifii*» 

mm 3 5£§^-e#7t 0 r^t^^s^m^^. ^ 

mzstsnm^x^^y # y ym^iri^^ott) 20 
[0091] £<bt;i, *-«^ h ^/HB^F-tt. MXM 

[0092] ^y^y ^?*<Dmwi}&m&m< 

[0 0 9 3] (HJfetfH) ±EOlB3«>Jllft«^*5tt* 40 

0 9l^t o HI 9 (b) fi, 0 9 (a) K*3tt6A-A 
»rffil8"T?fctk 0 9 (c) fi, 0 9 (a) tC*3*tSB- 

[0 0 94] h y^/^ii, 81® 

&!ftttfclR3 9T«o^S iSffi4 0±l;i. 9tmM*m 
t5Au/Cr«lii (y-^tffi4 1) *3j:tf*ffi 
S:S i Oz»l4 2t8ofcAu/C rfKtffi 

h!S4 3) S:J0J«U ^»:Si02tliAuffl so 
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>^mfii4 5) ^»*Stb^«*"C«>9. «M#W8IJl4 

4*i, y-^«ffi4 1 t Ku-f ^Bffi4 5^jfe«ia5-eS5 
[0095] y-^ig4 liojzt/y— hlfii4 3tiu 

S if&g^CflJi3 9±K, ffS 1 OnmOCrSf^ 
SESMJL *£0. l/im^)AuSl^ifU 

fiff£ 0. 1 m(DS i 02»^4 2T*Sofc„ 

[0096] m.m.ftmmm 4 4 ±.m<nm 1 

£E!C3£«S:/B^T, Au^SiO 2 ^Il:i0(H]g 
StMk9iSrr^k\zX9. tMSeoMofcAuaWft^fcS i 

[0 0 9 7] fHR Lfc«Sift:*JttJl 4 4 <£>«ffil£/i: £ 
0. 1 umCD KKylffi4 5^Cr ^Au^II 

h ^^/u***^* bfc 0 tsffcmatm 4 4^y- 

*««4 1 <b KWVii4 5 -Cj***tfc«B^ffiSI 
te. ^)0.. OlW^mtfeofc, {&U -^M^fi 1 

[0098] ff»ufc»^-e«:, ±iem^i:P#ic N y 

— h«ffiln«JESrPn*p-r-5^1^T% 0 9 (d) \Z^£ti 

•r&t* nm-mmv. KMy*wsfiTt5o set 

[0 0 9 9] 

(nW&tt^— (w l n mgg^^t ^ ^r*««*6»tt» 

[oioo] ^/c, hy^/^^M 
[0 10 1] *3BW(Z)#-«^ h^^^J-J: 



(10) 
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[0102] e>£>*— h ^^/nR^tt. mmm 



im 3 1 ^m<D^-m^ b ^^^m^<ommm\^n 

[H5] (a) 

[0 6] «*h^*^**^«Bil»4ft^#» 



^f^mmm^w-mm, (to y— *m«33*3j: 

(FKW>'«l3 4l:iBofciiBH, (c) f*. 



[0 9] (a) tt, «^h^*/Wfc^0>JE 
^ffi<OHJ6M^¥®H. (b) tt. -^(DA-A^i^o 

fctfrffiH* (c) fi, *^B-BJ»lcJBofclWffiia, 
(d) fi, K^rft^**S*tfc*-ir-»/^*:*r*ffiH- 
[010] »tt^Kat*«ia«t^B8««:^r^9 



10 



[sin m&mmmtm&*nmmt(Dm&&7F-r? 

iaoty- hum- KKyisw^ttts:^ 
&^-r0 



1 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 

2 9 

3 0 



b 

C d S e 
S i O2 

grM b 

y- bmm 

y— x&M 
ftftlK 



[mi] 



[03] 




(c) 
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[010] 





1000 IOOjJq 10 1 0.1 
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II 2] 



0,1 0.2 0.3 0.4 0. 
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